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Figure 1-1: Example Network 


































∑ 𝑥𝑖𝑗  
𝑟𝑠 − ∑ 𝑥𝑖𝑗  
𝑟𝑠 = {
1                                 𝑖𝑓 𝑖 ∈ 𝑟  
   0                              𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
−1                                 𝑖𝑓 𝑖 ∈ 𝑠(𝑗,𝑖)∈ 𝐸(𝑖,𝑗) ∈ 𝐸
𝑥𝑖𝑗  
𝑟𝑠 = {0 𝑜𝑟1}, ∀𝑎𝑖𝑗  ∈ 𝐸
𝑎𝑖𝑗  ∈ 𝐸
𝑟 ∈ 𝑉 𝑠 ∈ 𝑉












𝑓(𝑥, 𝑦) 𝑔(𝑥, 𝑦)
Min 𝑓(𝑥, 𝑦)
𝑔𝑖(𝑥, 𝑦) ≤ 0 ∀𝑖 = 1, . . , 𝐼
𝑦 ∈ 𝑌 and 𝑥 ∈ 𝑋
𝑥ℎ
Min 𝑓(𝑥ℎ , 𝑦)
𝑔𝑖(𝑥
ℎ , 𝑦) ≤ 0 ∀𝑖 = 1, . . . , 𝐼
 𝑦 ∈ 𝑌
𝑦ℎ
at (𝑥ℎ , 𝑦ℎ) 𝑓(𝑥, 𝑦)  𝑔(𝑥, 𝑦)
Min 𝜂
𝑓(𝑥ℎ , 𝑦ℎ) + ∇𝑓(𝑥ℎ , 𝑦ℎ)t (
𝑥 − 𝑥ℎ
𝑦 − 𝑦ℎ
) ≤ 𝜂                        ∀ℎ = 1, . . , 𝐻
 𝑔𝑖(𝑥
ℎ , 𝑦ℎ) + ∇𝑔𝑖(𝑥




∀ℎ = 1, . . , 𝐻,
𝑖 = 1, . . . , 𝐼







𝑟 𝑠 ∈ 𝑆 ⊆ 𝑉
𝑥𝑖𝑗   
𝑟𝑠 𝑎𝑖𝑗
?̃?𝑖𝑗   𝑐𝑖𝑗  𝜎𝑖𝑗 𝑐𝑜𝑣(𝑎𝑖𝑗 , 𝑎𝑙𝑘)
𝑎𝑖𝑗  𝑎𝑙𝑘
𝑟 𝑠 ∈ 𝑆







2 𝑥𝑖𝑗  
𝑟𝑠 2 + ∑ ∑ 𝑐𝑜𝑣(𝑎𝑖𝑗 , 𝑎𝑙𝑘)𝑥𝑖𝑗  
𝑟𝑠 𝑥𝑙𝑘  
𝑟𝑠
𝑎𝑙𝑘  ∈ 𝐸
𝑙,𝑘 ≠ 𝑖,𝑗
𝑎𝑖𝑗 ∈ 𝐸𝑎𝑖𝑗 ∈ 𝐸𝑠∈𝑆
       (3-1)
∑ 𝑥𝑖𝑗  
𝑟𝑠 − ∑ 𝑥𝑗𝑖 
𝑟𝑠 = { 
  1                                        ∀ 𝑖 = 𝑟         
   0                                        ∀ 𝑖 ≠ 𝑟, 𝑖 ≠ 𝑠







𝑟  𝑠 ∈ 𝑆
𝑡𝑟𝑠 ≥ 0,  𝑥𝑖𝑗  
𝑟𝑠 = 𝑥𝑖𝑗  
𝑟𝑠 2
𝑍 = 𝑀𝑖𝑛  𝑤 ∑ 𝑐𝑖𝑗𝑥𝑖𝑗  
𝑟𝑠 + (1 − 𝑤) ∑ 𝑡𝑟𝑠
𝑠∈𝑆𝑎𝑖𝑗 ∈ 𝐸
𝑠∈𝑆
∑ 𝑥𝑖𝑗  
𝑟𝑠 − ∑ 𝑥𝑗𝑖 
𝑟𝑠 = { 
 1                                        ∀ 𝑖 = 𝑟         
   0                                        ∀ 𝑖 ≠ 𝑟, 𝑖 ≠ 𝑠




2 𝑥𝑖𝑗  
𝑟𝑠 2 + ∑ ∑ 𝑐𝑜𝑣(𝑎𝑖𝑗 , 𝑎𝑙𝑘)𝑥𝑖𝑗  








𝑟𝑠 ∈ {0,1}, 𝑡𝑟𝑠 ≥ 0
∀𝑎𝑖𝑗 ∈ 𝐸,
∀ 𝑠 ∈ 𝑆
∑ ∑ 𝑥𝑖𝑗  





≤ 𝑡𝑟𝑠2 ∀𝑠 ∈ 𝑆
 
 𝑍𝑟𝑠(𝑥, 𝑡) = √∑ ∑ 𝑥𝑖𝑗  
𝑟𝑠 𝑐𝑜𝑣(𝑎𝑖𝑗 , 𝑎𝑙𝑘)𝑙,𝑘 ∈ 𝐸 𝑥𝑙𝑘  
𝑟𝑠
𝑖,𝑗 ∈ 𝐸 − 𝑡
𝑟𝑠 
𝑍𝑟𝑠 = √𝑋𝑄𝑋𝑇 − 𝑡
𝑄 = 𝐿𝐿𝑇
𝑍 = √𝑋𝑄𝑋𝑇 − 𝑡 = √𝑋𝐿𝐿𝑇𝑋𝑇 − 𝑡 =  ‖𝑋𝐿‖ − 𝑡
‖. ‖ ‖𝑋𝐿‖
𝑋1 𝑋2
‖(𝜆𝑋1 + (1 − 𝜆)𝑋2)𝐿‖ ‖𝜆𝑋1𝐿 + (1 − 𝜆)𝑋2𝐿 ‖
≤ ‖𝜆𝑋1𝐿‖ + ‖(1 − 𝜆)𝑋2𝐿‖













𝑟𝑠ℎ        
𝑎𝑖𝑗∈ 𝐸 ∀𝑠 ∈ 𝑆
𝑍ℎ = 𝑀𝑖𝑛 𝑤 ∑ 𝑐𝑖𝑗?̂?𝑖𝑗 









2 ?̂?𝑖𝑗  
𝑟𝑠 (𝑥𝑖𝑗  
𝑟𝑠 − ?̂?𝑖𝑗  
𝑟𝑠 )
𝑎𝑖𝑗∈ 𝐸
+ ∑ ∑ 𝑐𝑜𝑣(𝑎𝑖𝑗 , 𝑎𝑙𝑘)?̂?𝑙𝑘  
𝑟𝑠 (𝑥𝑖𝑗  
𝑟𝑠 − ?̂?𝑖𝑗  
𝑟𝑠 )
𝑎𝑙𝑘  ∈ 𝐸
𝑙,𝑘 ≠ 𝑖,𝑗
𝑎𝑖𝑗∈ 𝐸






2 ?̂?𝑖𝑗  
𝑟𝑠 2 + ∑ ∑ 𝑐𝑜𝑣(𝑎𝑖𝑗 , 𝑎𝑙𝑘)?̂?𝑖𝑗  




𝑎𝑖𝑗 ∈ 𝐸𝑎𝑖𝑗 ∈ 𝐸
+
∑ 2𝜎𝑖𝑗
2 ?̂?𝑖𝑗  
𝑟𝑠 (𝑥𝑖𝑗  
𝑟𝑠 − ?̂?𝑖𝑗  
𝑟𝑠 )𝑎𝑖𝑗∈ 𝐸
2√∑ 𝜎𝑖𝑗
2 ?̂?𝑖𝑗  
𝑟𝑠 2 + ∑ ∑ 𝑐𝑜𝑣(𝑎𝑖𝑗 , 𝑎𝑙𝑘)?̂?𝑖𝑗  
𝑟𝑠 ?̂?𝑙𝑘  
𝑟𝑠
𝑎𝑙𝑘  ∈ 𝐸
𝑙,𝑘 ≠ 𝑖,𝑗
𝑎𝑖𝑗 ∈ 𝐸𝑎𝑖𝑗 ∈ 𝐸
+ 
2 ∑ ∑ 𝑐𝑜𝑣(𝑎𝑖𝑗 , 𝑎𝑙𝑘)?̂?𝑙𝑘 
𝑟𝑠 (𝑥𝑖𝑗  
𝑟𝑠 − ?̂?𝑖𝑗 




2 ?̂?𝑖𝑗  
𝑟𝑠 2 + ∑ ∑ 𝑐𝑜𝑣(𝑎𝑖𝑗 , 𝑎𝑙𝑘)?̂?𝑖𝑗  
𝑟𝑠 ?̂?𝑙𝑘  
𝑟𝑠
𝑎𝑙𝑘  ∈ 𝐸
𝑙,𝑘 ≠ 𝑖,𝑗
𝑎𝑖𝑗 ∈ 𝐸𝑎𝑖𝑗 ∈ 𝐸
−  ?̂?𝑟𝑠
− (𝑡𝑟𝑠 − ?̂?𝑟𝑠) ≤ 0
∀𝑠 ∈ 𝑆
 ?̂?𝑟𝑠 
?̂?𝑟𝑠 = √∑ ∑ ?̂?𝑖𝑗  





2 𝑥𝑖𝑗  
𝑟𝑠 (𝑥𝑖𝑗  
𝑟𝑠 −𝑥𝑖𝑗  
𝑟𝑠 )𝑎𝑖𝑗∈ 𝐸
2 ?̂?𝑟𝑠
2 ∑ ∑ 𝑐𝑜𝑣(𝑎𝑖𝑗 , 𝑎𝑙𝑘)?̂?𝑙𝑘  
𝑟𝑠 (𝑥𝑖𝑗  
𝑟𝑠 − ?̂?𝑖𝑗  




−  ?̂?𝑟𝑠 − (𝑡𝑟𝑠 − ?̂?𝑟𝑠) ≤ 0
 2?̂?𝑟𝑠  ?̂?𝑟𝑠 ≠ 0
∑ 𝜎𝑖𝑗
2 ?̂?𝑖𝑗  
𝑟𝑠 (𝑥𝑖𝑗  
𝑟𝑠 − ?̂?𝑖𝑗  
𝑟𝑠 )
𝑎𝑖𝑗∈ 𝐸
+ ∑ ∑ 𝑐𝑜𝑣(𝑎𝑖𝑗 , 𝑎𝑙𝑘)?̂?𝑙𝑘  
𝑟𝑠 (𝑥𝑖𝑗  
𝑟𝑠 − ?̂?𝑖𝑗  
𝑟𝑠 )
𝑎𝑙𝑘  ∈ 𝐸
𝑙,𝑘 ≠ 𝑖,𝑗
𝑎𝑖𝑗∈ 𝐸
− ?̂?𝑟𝑠(𝑡𝑟𝑠 − ?̂?𝑟𝑠)
≤ 0
𝑍 = 𝑀𝑖𝑛  𝑤 ∑ 𝑐𝑖𝑗𝑥𝑖𝑗  
𝑟𝑠 + (1 − 𝑤) ∑ 𝑡𝑟𝑠
𝑠∈𝑆𝑎𝑖𝑗 ∈ 𝐸
𝑠∈𝑆
∑ 𝑥𝑖𝑗  
𝑟𝑠 − ∑ 𝑥𝑗𝑖 
𝑟𝑠
𝑗:𝑎𝑗𝑖∈ 𝐸𝑗:𝑎𝑖𝑗 ∈ 𝐸
= { 
  1                                        ∀ 𝑖 = 𝑟         
   0                                        ∀ 𝑖 ≠ 𝑟, 𝑖 ≠ 𝑠





𝑟𝑠 − ?̂?𝑖𝑗 
𝑟𝑠ℎ)
𝑎𝑖𝑗∈ 𝐸
+  ∑ ∑ 𝑐𝑜𝑣(𝑎𝑖𝑗 , 𝑎𝑙𝑘)?̂?𝑙𝑘 
𝑟𝑠ℎ(𝑥𝑖𝑗  











ℎ = 1, . , 𝐻
𝑥𝑖𝑗  
𝑟𝑠 ∈ {0,1}, 𝑡𝑟𝑠 ≥ 0












𝒓𝒔 = ?̂?𝒍𝒌 




















𝜎𝑖𝑗 =  𝑈𝑛𝑖𝑓𝑜𝑟𝑚(0, 𝑏)𝑐𝑖𝑗







𝜎𝑖𝑗  𝑎𝑖𝑗 , 































Sioux Falls Anaheim Chicago Sketch Barcelona
𝜎𝑖𝑗
𝑎𝑖𝑗 , 𝜎𝑖𝑗 =  𝑈𝑛𝑖𝑓𝑜𝑟𝑚(0,0.5)𝑐𝑖𝑗






















































Master Problem Relative Optimality Gap(%) 
Anaheim Sioux Falls Chicago Sketch Barcelona
𝑤 










𝑎𝑖𝑗 𝑟 ⊆ 𝑉 𝑠 ⊆ 𝑉
𝑐?̃?𝑗
𝑎𝑖𝑗 𝑐?̅?𝑗  
𝑐?̃?𝑗





 ?̃?𝑘  
𝐸( ?̃?𝑘) = 0  and 𝑉𝑎𝑟(?̃?𝑘
2) = 1  




𝐶𝑜𝑣(𝑐𝑖𝑗 , 𝑐𝑙𝑚) = ∑ 𝑏𝑖𝑗𝑘 𝑏𝑙𝑚𝑘
𝐾
𝑘=1
∀𝑎𝑖𝑗 , 𝑎𝑙𝑚 ∈ 𝐸






















1 ∀𝑖 = 𝑟
0 ∀𝑖 ≠ 𝑟, 𝑖 ≠ 𝑠
−1∀𝑖 = 𝑠 
∀𝑟, 𝑠 ∈ 𝑉
𝑥𝑖𝑗  
𝑟𝑠 ∈ {0,1} ∀𝑎𝑖𝑗 ∈ 𝐸, 𝑟 ∈ 𝑉, 𝑠 ∈ 𝑉 
𝑥𝑖𝑗
𝑟𝑠
𝑎𝑖𝑗  𝑋 = {𝑥𝑖𝑗









𝑘=1 𝑥𝑖𝑗  












 ‖𝑦‖ ≤ Ω










+ 𝛼(‖𝑦‖ − Ω)
𝜕𝐿(𝑦, 𝛼)
𝜕𝑦𝑘












∑ ∑ 𝑏𝑖𝑗𝑘𝑥𝑖𝑗  
𝑟𝑠
(𝑟,𝑠)(𝑖,𝑗)∈𝐸
𝑘 ∈  𝐾
𝛼(‖𝑦‖ − Ω) = 0 𝛼 ≠ 0,




∑ ∑ 𝑏𝑖𝑗𝑘 𝑥𝑖𝑗  
𝑟𝑠
(𝑟,𝑠)(𝑖,𝑗)∈𝐸












𝛼 𝑦𝑘  
𝑦𝑘 = Ω
∑ ∑ 𝑏𝑖𝑗𝑘 𝑥𝑖𝑗  
𝑟𝑠
(𝑟,𝑠)(𝑖,𝑗)∈𝐸





                             ∀𝑘 ∈ 𝐾
𝑦𝑘  
𝑍2 = Ω





















𝑍 = 𝑀𝑖𝑛 ∑ ∑ 𝑐?̅?𝑗𝑥𝑖𝑗  
𝑟𝑠 +
(𝑟,𝑠)(𝑖,𝑗)∈𝐸













1 ∀𝑖 = 𝑟
0 ∀𝑖 ≠ 𝑟, 𝑖 ≠ 𝑠
−1∀𝑖 = 𝑠 
∀𝑟, 𝑠 ∈ 𝑉
𝑥𝑖𝑗  




𝑟𝑠 ≤(𝑟,𝑠)(𝑖,𝑗)∈𝐸 𝑡𝑘 




∑ ∑ 𝑏𝑖𝑗𝑘𝑥𝑖𝑗  
𝑟𝑠
(𝑟,𝑠)(𝑖,𝑗)∈𝐸















 ∀𝑖 = 𝑟
        ∀𝑖 ≠ 𝑟, 𝑖 ≠ 𝑠
∀𝑖 = 𝑠 
∀𝑟, 𝑠 ∈ 𝑉
𝑥𝑖𝑗  
𝑟𝑠 ∈ {0,1} ∀𝑎𝑖𝑗 ∈ 𝐸, 𝑟 ∈ 𝑉, 𝑠 ∈ 𝑉
ℎ ≥ 0
 
𝑓(𝑡𝑘, ℎ) = √∑ 𝑡𝑘
2𝐾
𝑘 − ℎ 
 𝑇 = (𝑡1, 𝑡2, . . 𝑡𝑘) 𝑓(𝑡𝑘, ℎ) = ‖𝑇‖ − ℎ, 
‖. ‖ ‖𝑇‖
𝑇1 𝑇2
‖(𝜆𝑇1 + (1 − 𝜆)𝑇2)‖ ‖𝜆𝑇1 + (1 − 𝜆)𝑇2 ‖
‖𝜆𝑇1 + (1 − 𝜆)𝑇2 ‖ ≤ ‖𝜆𝑇1‖ + ‖(1 − 𝜆)𝑇2‖
‖(𝜆𝑇1 + (1 − 𝜆)𝑇2)‖ ≤ 𝜆 ‖𝑇1‖ + (1 − 𝜆) ‖𝑇2‖
 
𝑡𝑘












 ℎ̂𝑙 = √ ∑ ?̂?𝑘
𝑙 2
𝑘∈ 𝐾








𝑙   ℎ̂𝑙
∑ ?̂?𝑘
𝑙 ( 𝑡𝑘 − ?̂?𝑘
𝑙 )
𝑘∈ 𝐾
−   ℎ̂𝑙( ℎ − ℎ̂𝑙)  ≤ 0
?̂?𝑘
𝑙   ℎ̂𝑙
𝑓(𝑡𝑘, ℎ), 
𝑓(?̂?𝑘
𝑙 ,   ℎ̂𝑙) + ∇𝑓(?̂?𝑘





 ℎ − ℎ̂𝑙
] ≤ 𝑓(𝑡𝑘, ℎ) ≤ 0
𝑓(𝑡𝑘, ℎ) = √∑ 𝑡𝑘
2














𝑙 )−(ℎ − ℎ̂𝑙) ≤ 0








𝑙 )−(ℎ − ℎ̂𝑙) ≤ 0
 ℎ̂𝑙 ≠ 0  ℎ̂𝑙 
∑ ?̂?𝑘
𝑙 ( 𝑡𝑘 − ?̂?𝑘
𝑙 )
𝑘∈ 𝐾
−   ℎ̂𝑙( ℎ − ℎ̂𝑙)  ≤ 0




∑ ∑ 𝑏𝑖𝑗𝑘𝑥𝑖𝑗  
𝑟𝑠
(𝑟,𝑠)(𝑖,𝑗)∈𝐸
≤ 𝑡𝑘   
∀𝑘 ∈ 𝐾
∑ ?̂?𝑘
𝑙 ( 𝑡𝑘 − ?̂?𝑘
𝑙 )
𝑘∈ 𝐾








1 ∀𝑖 = 𝑟
0 ∀𝑖 ≠ 𝑟, 𝑖 ≠ 𝑠
−1∀𝑖 = 𝑠 
∀𝑟, 𝑠 ∈ 𝑉
𝑥𝑖𝑗  







 ≤ ε  𝒍 > 𝐿
?̂?𝒌




𝒓𝒔 = ?̂?𝒍𝒌 
𝒓𝒔𝒍 ?̅?𝒌 = ?̂?𝒌
𝒍 ?̅? =  ?̂?𝒍
 ?̅?𝒊𝒋
𝒓𝒔 ?̂?𝒌
𝒍  ?̅?, 
 
 𝑏𝑖𝑗𝑘
C̃ij = 𝐶?̅?𝑗 + 0.4𝐶?̅?𝑗𝑦𝑖𝑗 𝑤𝑒𝑎𝑡ℎ𝑒𝑟 + 0.5𝐶?̅?𝑗𝑦𝑖𝑗 𝑎𝑐𝑐𝑖𝑑𝑒𝑛𝑡
+0.3𝐶?̅?𝑗𝑦𝑖𝑗 𝑟𝑜𝑎𝑑 𝑐𝑙𝑜𝑠𝑢𝑟𝑒 0.2𝐶?̅?𝑗𝑦𝑖𝑗 𝑡𝑟𝑎𝑛𝑠𝑖𝑡 𝑓𝑎𝑖𝑙𝑢𝑟𝑒
𝑏𝑖𝑗𝑘 = 𝛿𝑐?̅?𝑗
𝛿 ∈ {0.2, 0.4, 0.6, 0.8}
 [−𝑐?̅?𝑗 , 𝑐?̅?𝑗]
𝑏𝑖𝑗𝑘
𝑥𝑖𝑗  





























































































































































































































































































































































 𝛅 = 𝟎. 𝟒
 δ = 0.8
 
 δ = 0.4 δ = 0.8.

δ 




𝑎𝑖𝑗 𝑟 ∈ 𝑉 










∑ 𝑥𝑖𝑗  
𝑟𝑠 − ∑ 𝑥𝑗𝑖 
𝑟𝑠 = { 
  1                                         ∀ 𝑖 = 𝑟         
    0                                        ∀ 𝑖 ≠ 𝑟, 𝑖 ≠ 𝑠
−1                                         ∀ 𝑖 = 𝑠           𝑗:𝑎𝑗𝑖∈ 𝐸𝑗:𝑎𝑖𝑗 ∈ 𝐸
𝑥𝑖𝑗  




𝑍 = 𝑀𝑖𝑛  ∑ 𝑡𝑘
𝑘
𝑈𝑘 ( ∑ 𝑐𝑖𝑗𝑥𝑖𝑗  
𝑟𝑠
𝑎𝑖𝑗 ∈ 𝐸
) ≤ 𝑡𝑘                                                                       ∀𝑘
∑ 𝑥𝑖𝑗  
𝑟𝑠 − ∑ 𝑥𝑗𝑖 
𝑟𝑠 = { 
 1                                        ∀ 𝑖 = 𝑟         
   0                                        ∀ 𝑖 ≠ 𝑟, 𝑖 ≠ 𝑠
−1                                        ∀ 𝑖 = 𝑠           𝑗:𝑎𝑗𝑖∈ 𝐸𝑗:𝑎𝑖𝑗 ∈ 𝐸
𝑥𝑖𝑗  
𝑟𝑠 ∈ {0,1} , 𝑡𝑘 ≥ 0                                                            ∀𝑎𝑖𝑗 ∈ 𝐸, 𝑠 ∈ 𝑆, 𝑟 ∈
𝑅  ∀𝑘
𝑡𝑘























∀ℎ = 1. . 𝐻
𝑍ℎ = 𝑀𝑖𝑛  ∑ 𝑡𝑘
ℎ
𝑘
∀ℎ = 1. . 𝐻
 
 𝑔(𝑥, 𝑡) = 𝑈𝑘 (∑ 𝑐𝑖𝑗𝑥𝑖𝑗  
𝑟𝑠
𝑎𝑖𝑗 ∈ 𝐸








𝑟𝑠 ℎ , 𝑡𝑘
ℎ) + ∇𝑔(𝑥𝑖𝑗  









] ≤ 𝑔(𝑥𝑖𝑗  
𝑟𝑠 , 𝑡𝑘) ≤ 0




 𝑈𝑘 (∑ 𝑐𝑖𝑗𝑥𝑖𝑗  
𝑟𝑠 ℎ
𝑎𝑖𝑗 ∈ 𝐸
) + ∑ 𝑐𝑖𝑗𝑎𝑖𝑗 ∈ 𝐸  𝑈𝑘





𝑟𝑠 − 𝑥𝑖𝑗  
𝑟𝑠 ℎ) − 𝑡𝑘
ℎ − 𝑡𝑘 − 𝑡𝑘
ℎ)  ≤
∀𝑘 = 1. . 𝐾
∀ℎ = 1. . 𝐻
 𝑈𝑘





∑ 𝑐𝑖𝑗𝑎𝑖𝑗 ∈ 𝐸  𝑈𝑘








∀𝑘 = 1. . 𝐾
∀ℎ = 1. . 𝐻









𝑟𝑠 − 𝑥𝑖𝑗  
𝑟𝑠 ℎ) −
∀𝑘 = 1. . 𝐾
∀ℎ = 1. . 𝐻
𝑡𝑘 − 𝑡𝑘
ℎ)  ≤
∑ 𝑥𝑖𝑗  
𝑟𝑠 − ∑ 𝑥𝑗𝑖 
𝑟𝑠 = { 
1
0
−1𝑗:𝑎𝑗𝑖∈ 𝐸𝑗:𝑎𝑖𝑗 ∈ 𝐸
∀ 𝑖 = 𝑟 
∀ 𝑖 ≠ 𝑟, 𝑖 ≠ 𝑠
∀ 𝑖 = 𝑠          
𝐿𝐵ℎ−1 ≤ ∑ 𝑡𝑘
𝑘
∀ℎ = 1. . 𝐻
𝐿𝐵ℎ ≤ 𝑈𝐵 ∀ℎ = 1. . 𝐻
𝑥𝑖𝑗  
𝑟𝑠 ∈ {0,1} 
∀𝑎𝑖𝑗 ∈ 𝐸, 𝑠 ∈ 𝑆, 𝑟
∈ 𝑅 











𝒓𝒔 = ?̂?𝒍𝒌 
𝒓𝒔𝒉 ?̅?𝒌 = ?̂?𝒌
𝒉







Set ε, H and h=1; 
 ≤ ε
or 

























+ 𝑏)4 𝑏 (𝑐 − 𝛼)⁄
𝑏𝑒𝛼/𝑐 𝑏 (𝑐 − 𝛼)⁄






(𝛼 + 𝑐)⁄ 𝑏𝑒
𝛼/𝑐
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